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ABSTRACT: This paper reports the measurement  (N>132) of the effect of river and season on transparency in 
cm and Total Suspended Solids in mg/L in a navigational pool of the Ohio River and one of its tributaries, the 
Muskingum River.  Both river of origin and season affected water transparency. The transparency-TSS relationship 
was stronger in spring (R2 = 0.894) than autumn (R2 =0.710), with an overall correlation of R2=0.86 for N=93 
observations in both water bodies and seasons. Regression equations for the transparency-TSS relationships for the two 
rivers under low (autumn) and high (spring) flow conditions were developed.  Our study demonstrates that properly 
trained volunteers can assist with rapid assessment of water turbidity from suspended solids in large rivers, reservoirs 
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Control of suspended solids in lakes and rivers is an 
important element of integrated watershed land use 
and water management policy. Suspended solids that 
enter during periods of high precipitation and surface 
flow often correlate with an influx of nutrients 
(phosphorous), reduced light penetration, and altered 
benthic habitat (Bilotta and Brazier 2008).  
Transparency tubes are rapid, economical tools for 
assessing water clarity in lakes, reservoirs and rivers. 
Since the 1990s they have been adopted by monitoring 
programs around the world (Sovell et al. 2000; Schloss 
et al. 2004; Uzarski 2012).  They are increasingly used 
by researchers interested in effects of dam removal 
and suitability of habitat for aquatic biota (Fuller et al. 
2011; Laplante-Albert et al. 2010; Reid et al. 2015; 
Rumschlag and Peck 2007). Interpretation of 
transparency measures depends on the hydrological 
characteristics of the waterbody. In lakes, 
transparency measures are interpreted like traditional 
Secchi depths to estimate light penetration and 
evaluate trophic status (e.g. oligotrophic, mesotrophic 
or eutrophic).  Especially in summertime, suspended 
solids are primarily of biological origin 
(phytoplankton, zooplankton, organic detritus), and 
algal biovolumes correlate with light and nutrient 
availability.  In streams and rivers, transparency 
measures are indicators of silt and other non-biological 
suspended particles (Davies-Colley and Smith 2001; 
Dahlgren et al. 2004) and can be used as surrogates for 
TSS (Anderson and Davic 2004; Smith et al. 1997) 
and used to estimate erosion and sediment transport. 
We investigated seasonal differences in the 
transparency-TSS relationship related to precipitation-
driven surface runoff and whether volunteer-collected 
transparency tube measurements are comparable to 
those made by professionals. Prior studies have shown 
that transparency tube measures in streams correlate 
reasonably well with TSS, but few have evaluated 
additional factors such as season, catchment size and 
land use, hydrological regime, or nutrients.  We 
examined correlations of transparency (cm) with total 
suspended solids (TSS, in mg L-1), dissolved 
phosphate and nitrogen in navigational pools of a large 
dammed rivers (the Ohio River) and a tributary 
(Muskingum River) over 5 years.  Transparency 
measures were collected by teams of citizen scientists 
(high school students and their teachers).  The 
correlations of their TSS-transparency tube 
measurements were compared to those reported in 
published literature to evaluate whether volunteer data 
is as credible as that collected by professional 
scientists.  This reinforces a key element of successful 
partnerships between researchers and 
citizen/community organizations (Conrad et al. 2011; 
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Sharp and Conrad 2006) and suggests economical 
ways that TSS in rivers can be monitored.  Our 
objective was to demonstrate how transparency tube 
measurements by citizen scientists or volunteers can 
be calibrated and used for long term monitoring of 
suspended sediment in rivers.   
 
MATERIALS AND METHODS 
The two studied rivers are located in eastern North 
America.  The Ohio River flows for more than 1,657 
km until it meets the Mississippi River.  It is an 
important navigable transportation route and is 
impounded by a series of locks and dams that divide it 
into a total of twenty navigational pools along its 
length. Samples were collected along a 16 km transect 
in the Belleville Pool approximately 40 km upstream 
of the dam, above and below the confluence with the 
Muskingum River.  Water depth ranges from 3-9 
meters in this section.  
 
The Muskingum River is a large tributary of the Ohio, 
approximately 179 km long with a drainage area of 
22,995 km2 . Land use in the basin is largely 
agricultural and/or forested, with small areas of urban 
development. The Muskingum is navigable due to a 
series of small locks and dams. Water samples were 
collected 1.5-6.5 km upstream of the river’s 
confluence with the Ohio River and downstream of the 
first lock and dam system. The river depth ranged from 
3-6 meters in this section.   Both rivers were sampled 
during the same times (usually the same day).  
 
Water samples along the study transects were 
collected by boat over a five year period (2010-2014) 
period, for 3-4 weeks in spring (April-May) and again 
in autumn (Sept-Oct).  Samples were collected from a 
research vessel by a crew of researchers working with 
teachers and high school students.  Students were 
trained in water sampling protocols and the use of 
transparency tubes in the classroom before performing 
measures on the boat, and each measurement was 
directly supervised by an experienced crew member.  
 
Water samples were collected at 0.1, 1, 2 or 3 meters 
depth using either a bucket (for surface samples) or a 
Kemmerer sampler.  Transparency was measured with 
a clear plastic 120 cm transparency tube with a valve 
on the bottom, filled and assessed three times per 
site/sample.  Measurements were recorded in the 
shade, out of direct sunlight.  
 
Total suspended solid samples from the grab samples 
were analyzed using ASTM Standard Test Method B 
(ASTM 1997).  This method is for Total Suspended 
Sediment Concentration (SSC), which differs slightly 
from the ASTM method for TSS (APHA 1995) in that 
all of the collected sample (not a subsample) is filtered 
and measured. In this regard, the SSC measure is more 
similar to the U. S. EPA’s TSS method (1999) which 
also stirs and uses the entire sample volume. The total 
volume of the water sample was measured and filtered 
under vacuum through a pre-weighed MilliporeTM 
AP4004700 glass fiber filter (47 mm diameter and 0.7 
μm pore size). Solids were transferred to a drying oven 
set to 105° C for 2 h, allowed to cool to room 
temperature with desiccant, then weighed.  
 
Correlations and regression equations were generated 
using SPSS software (IBM Corp, 2010).  Main effects 
and interactions of river and season on transparency, 
nitrate, and phosphate were analyzed using a 
Generalized Linear Model.  TSS was included as a 
covariate for effects on transparency. 
 
RESULTS AND DISCUSSION  
A dataset of n = 132 observations from the Ohio and 
Muskingum rivers was compiled from spring (2011 
and 2014) and autumn (2010, 2012, 2013) 
measurements. The majority of samples were 
collected at shallow depth, between 0.1 and 1.0 meters 
(n = 132).  Only 17 were collected at 2.0-3.0 meters.  
Eleven of the transparency measures were at or above 
the detection level of the transparency tube (e.g. when 
water transparency exceeded the full length of the 
tube, 120 cm), and when these were removed, linear 
regression analysis showed a strong positive 
correlation between log-transformed transparency 
(cm) and gravimetric measures of TSS (mg/L) (Figure 
1, R2 = 0.86, P < 0.0001). The correlation was 
described by the equation: 
 
 Log (TSS) = -0.5468x + 2.1965   (1) 
 
Where TSS = laboratory gravimetrically determined 
TSS (or Suspended Solid Concentration) in mg/ L and 
x = transparency tube reading in cm.  
Further analysis by two-way ANOVA revealed 
significant effects of river (df = 1, mean squares = 
0.067, F = 4.80, P = 0.031) and season (df = 1, mean 
squares = 0.057, F = 4.075, P =0.047 on transparency, 
as well as an interaction (df = 1, mean squares = 0.078, 
F = 5.557, P = 0.020).   
 
The transparency-TSS relationship was stronger in 
spring (R2 = 0.894) than in autumn (R2 = 0.710) 
(Figure 2).  Both rivers experienced higher discharge 
and suspended sediment concentrations in the rainy 
spring season compared to lower flows in autumn 
months. These seasonal differences are important to 
understand if the transparency tube is to be employed 
as a surrogate for TSS year round. 
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Fig 1. Linear regression of transparency tube measures with 
gravimetric measures of suspended sediment in the Ohio and 
Muskingum rivers, pooled across years and seasons (n = 93). 
Transparency measurements (cm) and TSS (mg L-1) were log 
transformed prior to analysis. 
 
The seasonally adjusted correlation equations are 
 
Spring  Log (TSS) = -1.1487x + 3.1693 (2) 
Autumn Log (TSS) = -0.4656x + 2.1313    (3) 
 
Where TSS = laboratory gravimetrically determined 
TSS (or Suspended Solid Concentration) and x = 
transparency tube reading in cm.  
 
 
Fig 2. Linear correlation of transparency tube measures (cm) with 
TSS (mg/L) in autumn (lower flow) and spring (higher average 
flow) for both Muskingum and Ohio rivers combined.   
 
Figures 3a and b further illustrate how the relationship 
between transparency and TSS in the Ohio and 
Muskingum rivers differs relative to season. The 
Muskingum River had consistently higher TSS than 
the Ohio regardless of season, although in both 
waterways suspended solids were highest during 
higher spring flows.  The stronger correlations 
between transparency and TSS in the Ohio may be 
because more samples were collected from the Ohio 
than the Muskingum during the study period. 
 
Fig 3A and B. Relationship between transparency (cm) and TSS 
(mg/L) in the Ohio River and its tributary, the Muskingum in A) 
autumn and B) spring 
 
The dataset included 102 measurements of total N, 
total P and transparency.  Nutrients differed between 
the two rivers and were also affected by season (Figure 
4). Total dissolved phosphate in filtered water samples 
ranged from < 0.50 to 2.0 mg/ L and were higher in the 
Muskingum than Ohio (df = 1, MS = 8.595, F =17.890, 
P < 0.0001), and higher in spring (df = 1, MS = 6.666, 
F = 13.875, P <0.0001).  There was a significant river 
x season interaction (df = 1, MS = 2.878, F = 5.990, P 
= 0.016), with the Muskingum displaying stronger 
seasonal differences than the Ohio. Nitrogen did not 
differ between rivers (df = 1, MS = 0.963, F = 3.412, 
P = 0.068) or season (df = 1, MS = 0.017, F = 0.590, P 
= 0.808), although there was a significant river X 
season interaction (df = 1, MS = 1.831, F = 6.490, P = 
0.010). Our study demonstrates that transparency tube 
measures collected by volunteers can provide reliable 
estimates of TSS in large rivers. The correlation of 
transparency tube measures of water clarity and lab-
performed gravimetric measures of TSS across both 
rivers and seasons (R2 = 0.86) is similar to that 
collected by non-volunteers in previous studies 
(Anderson and Davic 2004; Sovell et al. 2000). 
Dahlgren et al. (2004) found lower correlations 
between transparency and TSS across 12 California 
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streams and rivers (R2 = 0.51 - 0.60), although 
correlations of repeated measures within a single river 
over a full water year were stronger (R2 = 0.78). 
 
 
Fig 4. Total dissolved phosphate was higher in the Muskingum than 
Ohio (df = 1, MS = 8.595, F = 17.890, P <0.0001, n =102), and 
higher in spring (df = 1, MS =6.666, F = 13.875, P < 0.0001) 
compared to autumn. Nitrogen did not differ between rivers (df = 1, 
MS = 0.963, F = 3.412, P = 0.068) or season (df = 1, MS = 0.017, F 
= 0.590, P = 0.808). 
 
Estimations of suspended solids in lakes, reservoirs 
and rivers are used by managers to evaluate and 
monitor long term changes in water quality, seasonal 
or storm related sediment loading events, and to 
evaluate the effectiveness of restoration or 
management.  Although nephelometric or gravimetric 
methods provide more precise measures of turbidity 
and TSS, transparency tubes are an economical option 
for rapid or repeated estimations.  Their low cost and 
ease of use make them particularly valuable for 
quantifying changes in TSS in a particular water body 
at different periods of time (during and after 
precipitation events, during the first flush of the 
ascending limb of the hydrograph, during different 
seasons, for example). Anderson and Davic (2004) 
reported that accurate estimation of TSS in the lower 
ranges (10-20 mg/L) is more difficult with shorter 
transparency tubes, due to low repeatability, while 
longer tubes, such as the 120 cm model used in this 
study, allow detection to as low as 5.0 mg/L. Whereas 
previous studies focused on transparency during 
summer flows, our study investigated differences 
between the steady high flow and peak events that 
occur in spring, compared to late summer and autumn. 
The stronger correlations between transparency in cm 
and TSS (R2 = 0.89) in spring compared to autumn (R2 
= 0.71) were consistent with higher discharges in 
winter and spring compared to late summer and fall in 
the study region.  For example, the mean monthly 
discharge of the Ohio River sites in May for the years 
2009-2014 averaged 1,286 ± 232 cubic meters/ sec 
(±SE) in May and 463 ± 109 cm/s in September. The 
Muskingum River averaged 285 ± 59 cm/s in May and 
64 ± 10 cms in September (data from ORSANCO, 
2015). Both rivers exhibited higher TSS content (in 
mg/L) in spring. The Muskingum River had higher 
suspended solids compared to the Ohio in both spring 
and autumn and appeared to be a significant 
contributor of sediments to the latter.  High TSS often 
correlates with phosphorus inputs in some systems, 
since this nutrient frequently enters streams and lakes 
bound to sediment particles (Grayson et al. 1996).   
 
This work demonstrates that seasonally adjusted TSS-
transparency regressions will be of greatest utility to 
water quality managers who are interested in 
monitoring sediment transport in slow-turnover 
reservoirs and navigational pools of larger rivers.  Our 
findings also more generally support the use of 
transparency tubes by volunteers for rapid, economical 
monitoring of suspended solids in flowing waters for 
other purposes.  Lake managers already familiar with 
the use of transparency and Secchi depth measures for 
assessing trophic status and within-lake sediment 
mixing can also use transparency tube measures to 
manage TSS loadings entering lakes, reservoirs or 
wetlands. Volunteer-monitoring with transparency 
tubes can help reduce the high cost and frequency of 
TSS sampling of feeder streams and rivers.  
Monitoring throughout the water year (Chow-Fraser 
1999) can help account for seasonal, interannual and 
spatial variation in loadings.  Their ease of use makes 
them particularly suitable for community-based 
monitoring, which is increasingly being used to 
provide credible data to agencies and water managers 
(Conrad 2011; Kolok et al. 2011; Loperfido et al. 
2010,).  
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